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QIS is a National and DOE Priority

(see also quantum.gov)

QIS is an all-of-government effort, coordinated 
across agencies

Å Quantum Sensing and Metrology 
Å Quantum Computing 

Å Quantum Networks and Communications                                                                            

Å Foundational Quantum Information Science Advances

Å Supporting Technology 

Å Future Applications 

Å Risk Mitigation 

Å NQIA (National Quantum Initiative Act) Crosscut

SC core and Centers span most of the above

Major Milestones

Å National Quantum Initiative Act Passed by 
Congress 2018

Å DOE Office of Science Quantum 
Initiative & Core programs: 2018

Å National QIS Research Centers established 
by DOE: 2020
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ñQuantum Information Science represents a foundational shift in our understanding of physics and 

information science, with the potential for dramatic technology impact.ò 

Dr. Charles Tahan, Assistant Director for QIS, Office of Science and Technology Policy



QuantISED Synthesizes  *QIS for HEP* & * HEP for QIS* in alignment with SC theme

Intersects all the HEP frontiers and thrusts (via PIs and connected topics)

Lab-University partnerships for Lab program 

University Consortia for University program 

Some inter-agency partnerships and coordination with other agencies 

One formal UK collaboration (via FNAL)

Workforce development embedded due to interdisciplinary collaborations
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QuantISEDïThree years iné

Background: QuantISED was competed in 2018 as part of the DOE Office of Science 

QIS Initiative following a series of community round tables, study groups, and pilots. 

The 2018 awards seeded the program and were followed by another competition in 

2019. Some Lab-University Partnerships and University Consortia were renewed in 

2020 & 2021. https://science.osti.gov/hep/Research/Quantum-Information-Science-QIS

https://science.osti.gov/hep/Research/Quantum-Information-Science-QIS


QuantISED (Quantum Information Science Enabled Discovery) TOPICS

Cosmos and Qubits ï

connecting cosmic physicsto qubit protocols and lab simulations 

Foundational Theory ï

formulations of gauge theories targeting quantum computing

Quantum Computing ï

quantumML, computing, communications including QN

Quantum Sensors ï

developing quantum sensors beyond SQL using QIS

QuantISED Experiments ï

exploring BSM/new physics using quantum sensors including MAGIS

QIST/QISE ï

research technology applying HEP technology and tools for QIST 
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OSTP  QIST Categories

Quantum Sensing and 

Metrology QSENS

Quantum Computing 

QCOMP

Quantum Networks and

Communications QNET

Foundational Quantum 

Information Science Advances 

QADV

Supporting Technology 

QTSUP

Future Applications QTAPP

Risk Mitigation QTRM

NQIA Crosscut NQIA

National QIS Categories QuantISED, & P5

HEP QuantISED Topics

Cosmos and Qubits 

Foundational Theory 

Quantum Computing & 

Communication

Quantum Sensors 

QuantISED Experiments

QIST/QISE ïresearch 

P5 Science Drivers



QuantISED Coordination
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Quantum Computing & Simulations (QC&S) for HEP

Most connections (intersecting HEP theory & data analysis for Expts) 

}Cosmos and Qubits, Foundational Theory, Quantum Computing 

Other areas of QuantISEDconnected to QC &S

}Quantum Sensors intersects Quantum Networks in some cases

}QuantISEDexperiments expected to connect to QC & S

}HEP (Technology) for QIS contributes to Quantum Computer R&D

The vast óAll of Govtô QIS, QIST, QISE efforts on Quantum Computing and the 

various DOE efforts are all expected to advance QC for HEP 

}www.qantum.gov and https://science.osti.gov/Initiatives/QIS

Some QC&S related (and other) QuantISED research...
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http://www.qantum.gov/
https://science.osti.gov/Initiatives/QIS


QuantISED Highlight: Quantum machine learning with Google

Contact: G. Perdue

5/24/21 Joe Lykken | Fermilab Budget Briefing8

A Fermilab collaboration with Google , utilizing the Google quantum supremacy 

computer Sycamore, demonstrated the first quantum machine learning algorithm 

competitive with leading classical AI when applied to a real-world science problem 

(supernovae image classification) https://arxiv.org/abs/2101.09581



DOE QuantISED : Quantum Computing for HEP  PI C. Bauer, LBNL

Two main thrusts in program
1. Quantum Simulation

} Ab initio simulation of collider physics 

in principle possible with polynomial 

resources

} Requires huge overhead I quantum 

resources

} Using EFTs can factor out the truly 

difficult parts from those we can 

using existing resources

} Are developing quantum algorithms for 

difficult parts

2. Noise mitigation for NISQ devices
} For results from NISQ devices need to 

reduce noise

} To main parts of noise: readout and 

gate noise

} Are developing ways to mitigate types 

of noises

Simulation:            Quantum Algorithm of High Energy Physics Simulation: PRL 126 (2021) 6, 062001, 
Simulating collider physics on quantum computers using effective field theories arXiv2102.05044

Noise Mitigation:  Unfolding quantum computer readout noise, NPJ 6, 84 (2020)
Resource Efficient Zero Noise extrapolation with identity insertions, PRA 102 (2020) 1, 012426
Readout Rebalancing for Near Term Quantum Computers, PRA 103 (2021) 2, 022407
Quantum Gate Pattern Recognition and Circuit Optimization for Scientific Applications, arXiv:2102.10008
Mitigating Depolarizing Noise on Quantum Computers with Noise-Estimation Circuits, arXiv:2103.-8591

Non-perturbative 
quantum 
simulation of soft 
matrix element in 
Soft-Collinear 
Effective Theory

Time evolution of 
XX chain model 
with and without 
noise mitigation. 



Application of Quantum Machine Learning to HEP Analysis at the LHC
Lead PI: Sau Lan Wu/Wisconsin
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ǒFormed an international and interdisciplinary collaboration with 

Wisconsin, CERN, IBM, Fermilab, BNL, Stony Brook and Amazon

ǒUsing Quantum Computer simulators (IBM, Google, Amazon) and 

hardware (IBM), employ 3 methods of Quantum Machine Learning to two 

LHC HEP flagship analyses (ttH (H Ÿ ♬♬) and H Ÿ )

ǒMethod 1: VQC-Variational Quantum Classifier (result is accepted for 

publication by J. Phys. G: Nucl. Part. Phys. https://doi.org/10.1088/1361-6471/ac1391)

ǒMethod 2: QSVM-Quantum Support Vector Machine Kernel Method (result 

is submitted for publication, also see arXiv:2104.05059)

ǒMethod 3: QNN-Quantum Neural Network (in development)

ǒ19 presentations in conferences and workshops (2018-2021)

ǒAttempt to demonstrate that future Quantum Computers can offer stellar 

performance in Quantum Machine Learning

https://doi.org/10.1088/1361-6471/ac1391
https://arxiv.org/abs/2104.05059


Reducing Quantum Computing Requirements for HEP Problems
Contact: M. Carena, FNAL

12/1/2021 Presenter | Presentation Title or Meeting Title 11


